Objective. To systematically review the literature on the effectiveness of ear acupuncture (EA) for immediate pain relief.
Introduction
In the United States alone, pain affects approximately 100 million adults, costing $560-$635 billion per year, which is more than the annual costs of heart disease ($309 billion), cancer ($243 billion), and diabetes ($188 billion) [1] . The burden of pain extends beyond the pain itself, with such sequelae as lost productivity and multiple side effects from analgesic medications and other treatments. In the United States, 44 people per day die from prescription painkillers [2] , and 7,000 people per day are treated in the emergency department (ED) for misusing these medications [3] . There has been a sharp increase in overdoses of prescription opioids paralleling the rising sales of these medications. Prescription drug registering and monitoring policies, as well as safe prescribing practices, have recently been implemented [4] , but deaths related to narcotic overdoses, with statistics worsened by heroin-related deaths [5] , continue to be an ongoing epidemic. There is a need for safer, more cost-effective pain remedies to be researched and implemented in clinical practice.
Many Americans are now seeking out complementary and alternative medicine (CAM), which includes acupuncture, to supplement their allopathic care; the top four reasons for seeking CAM treatments are various pain conditions [6] . Based on the 2012 National Health Interview Survey, there has been a "significant linear increase" in use of this modality [7] (page 2). An increasing number of hospitals are also now offering acupuncture as a result of patient demand [6] .
Ear acupuncture (EA) is less well known than full-body acupuncture. Its history dates back to the 1950s, when Paul Nogier, a French physician, created an EA map. By the 1970s, various ear maps had appeared around the world (e.g., Germany, United States, China) [8] . World Health Organization (WHO) panels met on several occasions regarding the various proposed auricular maps, and using three set criteria standardized 39 points in 1990. Since that time, the United States military has introduced battlefield acupuncture (BFA) in an effort to treat wounded soldiers in the field without sedating them. After the 9/11 attacks, Richard Niemtzow, a military physician, created this five-point ear protocol using ASP semipermanent needles, which is now being taught to military medical providers who are not certified or licensed acupuncturists. The military published a study in 2012 to show the feasibility of bringing EA to the frontline of aeromedical evacuation care; trained nurses were able to perform BFA without the protocol interfering with their other medical duties, and wounded soldiers obtained pain relief, the majority stating they would choose to receive the BFA treatment again [9] .
Compared with full-body acupuncture, the literature on EA and electro-auricular acupuncture is limited in number, with small sample sizes. The quality of studies also varies, with prior reviews rating the quality of studies "1" to "4" on the Jadad scale [10] or "poor" to good" using the US Preventive Services Task Force scale [11] . Usichenko et al. published a systematic review of randomized controlled (RCTs) trials of EA for postoperative pain and interpreted their results as "promising but not compelling" [10] (page 1343). In a systematic review and meta-analysis of EA for acute and chronic pains, Asher et al. concluded that it may be effective to treat various types of pains but that further well-designed studies are warranted for determining a more accurate effect size [11] . Asher's study included nonacupuncture modalities applied to the ear, such as acupressure or a TENS unit for the ear, as well as EA combined with other treatments. It is very difficult to set up doubleblinded RCTs trials for EA, and also challenging to find systematic literature reviews with EA being investigated as the sole modality (i.e. without the additional or substituted use of body acupuncture, herbs, supplements, acupressure, ear seeds, or a TENS unit).
The present authors wanted to evaluate the clinical utility of EA in the outpatient, perioperative, and ED settings, to see if EA could relieve pain prior to and/or after discharge. The existing literature reviews on EA include studies of non-EA modalities (i.e., modalities that stimulate the Chinese meridians through the ear without the use of needles) and also include primary outcome measures that are recorded many months after the treatment [10, 11] . The primary objective of the present study was to conduct a systematic literature review and meta-analysis of the efficacy of EA or electro-EA as a stand-alone modality, with primary pain outcomes recorded within 48 hours. The period of 48 hours was chosen, as an expedited discharge from the ED as well as expedited discharge after an outpatient procedure reduces health care costs and decreases the risk of nosocomial infection.
Methods

Literature Search Strategy
The electronic databases AMED, CINAHL, Embase (also using its equivalent Emtree terms), Cochrane Database of Systematic Reviews, PsycINFO, PubMed (also using its equivalent MeSH terms), Scopus, and Web of Science were searched by an experienced medical librarian from inception through March 2015 for the terms/concepts "ear" AND "acupuncture" (or "electroauricular acupuncture") AND "pain." Additional studies were identified through scanning systematic literature reviews [10, 11] on EA. All citations were imported into End Note 7.2.1, and duplicates were deleted.
Study Selection
Abstracts of articles were reviewed by two independent authors, and studies were selected if they met the following inclusion criteria based on title and abstract: 1) involved human subjects; 2) were published in the English language; 3) investigated EA or electro-auricular acupuncture, with or without conventional analgesics, as the treatment for pain; 4) were randomized and controlled; 5) had primary outcomes that measured effect on pain within 48 hours.
In order to investigate EA as a sole modality for pain reduction, excluded were studies that combined EA with body acupuncture, or EA with any other CAM modalities (including herbs, supplements, exercise, manual therapies). Authors also excluded studies that stimulated the ear using other modalities, such as seeds or TENS units. Studies that compared EA with electro-auricular acupuncture were also not included, as the purpose of this study was not to determine the efficacy of adding an electrical unit to EA.
Full-text articles of remaining citations were retrieved and assessed for inclusion by the same two authors using the same criteria. Disagreements were resolved by discussion.
Data Extraction and Assessment of Study Quality
A structured data extraction form was created in Excel. The same two authors extracted the data independently and compared their results. A third author reviewed the final data, comparing them to the full texts. The data for the outcome designated as the primary by authors of the respective studies was extracted, unless there was both an analgesic use report and a pain level report, in which case both were extracted. When insufficient data for meta-analysis was provided in an article, its authors were contacted for additional information or the authors conducted further calculations. This involved the following: 3. Goertz (2006)-the mean pre/post-EA difference on a numeric rating scale (NRS) with its SD was reported for EA and comparator groups. The authors calculated the mean post-EA NRS using the baseline mean NRS and the mean differences after the treatment; the original SD for the post-treatment NRS difference was used.
4. Xudong (1993)'s study was not included in the metaanalysis because efforts to contact the author were not successful.
The methodological quality of the studies was assessed using the Physiotherapy Evidence Database (PEDro) Scoring System, which involves 11 items (coded 1 if present, 0 if absent); item 1 (inclusion criteria) is not scored [12] . If the paper did not include enough information for one of the PEDro items to be assessed, the authors rated it as a 0. The following descriptors were used for the methodological quality of a study: total score 9 or 10 ¼ excellent; 6-8 ¼ good; 4 or 5 ¼ fair; and less than 4 ¼ poor.
Data Synthesis and Analysis
Some of the primary studies determined the effect of EA through pain severity ratings, some by quantifying the use of supplemental analgesics, and a few used both methods. Effect sizes were calculated for all studies for which a mean and SD were available, separately for: 1) Analgesia requirements; 2) Pain intensity. For those studies with multiple data points (i.e., times of measuring pain severity and/or quantifying analgesic use over the first 48 hours after acupuncture administration), the data point with the smallest effect size was used for meta-analysis. REVMan 5.3 software was used to calculate mean differences (MDs), to compute the heterogeneity of study effects, and to test for the pooled effect. Since statistical heterogeneity was evident for both types of primary outcome measures, a randomeffects model was used to pool the data from the primary studies.
Results
The search ( Figure 1 ) resulted in 2,757 duplicated citations (including four obtained by reading systematic literature reviews [13] ). Ten full text articles met the inclusion criteria, and nine [9] studies were included in the meta-analysis.
General Characteristics of Studies and Patients
The 10 studies (Table 1) were published between 1986 and 2012 and performed in the outpatient, perioperative, and ED settings. Five of the studies employed sham acupuncture as a comparator, four used analgesics as the comparator, and one used distraction. Aside from two studies, all were done on both males and females age 18 years or older. In terms of the PEDro scale (Table 2) , of the 10 studies, four were excellent, four were good, and two were fair in quality. Sample sizes ranged from 20-160. None of the acupuncturists were blinded; six studies attempted to blind subjects. Six studies blinded the assessors who were asking patient pain levels and/or providing analgesic medications.
Study Findings
The following summarizes the findings of the studies; complete detail on outcomes is found in Table 3 . with conventional treatment using an anesthetic (N ¼ 15) for various abdominal surgeries and concluded that the EA group required less papaveretum, but not significantly so [16] . Pain outcomes were also recorded in this study, which revealed higher maximum visual analog scale (VAS) pain intensity scores (P ¼ 0.01) and higher average VAS scores (P ¼ 0.05) for the EA group. 6. Xudong (1993) contrasted EA (N ¼ 30) with conventional treatment using an anesthetic (N ¼ 18) for pain associated with acute biliary colic and noted that pain was higher in the EA group, but not significantly so [19] . 8. Wang (2012) compared EA (N ¼ 120) with conventional treatment (N ¼ 40) for pain associated with in vitro fertilization (IVF) egg retrieval and noted that pain was lower in the EA group, but not significantly so [21] .
9. Goertz (2006) compared EA (N ¼ 50) with distraction (N ¼ 50) for various acute pains presented in the ED and showed that the mean pre-to post-EA NRS change was significantly higher in the EA group prior to discharge from the ED; however, 24-hour follow-up results showed no significant difference [22] .
10. Taguchi (2002) compared intra-operative EA plus desflurane with desflurane alone in a two-phase crossover study (N ¼ 10) in the intra-operative setting for physician-provoked leg pain under anesthesia and calculated that less desflurane was required in the EA phase [23] . Ear Acupuncture for Pain: Systematic Review
Heterogeneity and Test for Overall Effect
As statistical heterogeneity was evident for the primary outcomes (designated as such by authors of the respective studies) in both types, a random-effects model was used to pool the data from the studies. The overall effect of EA was significant in the "Analgesia Requirement" group of studies (mean difference [MD] ¼ -1.08, 95% confidence interval [CI] ¼ -1.78--0.38, P ¼ 0.003). The "Pain Intensity" studies had a significantly greater pain reduction in the EA group (MD ¼ -0.96, 95% CI ¼ -1.82--0.11, mean P ¼ 0.03) (Figure 2 ). If Wigram's study, which utilized medication requirement as a primary outcome and pain intensity as a secondary outcome, were included the "Pain Intensity" group, the EA effect would be insignificant (MD ¼ -0.50, 95% CI ¼ -1.57-0.58, P ¼ 0.37).
Adverse Events
Adverse events for the EA groups were recorded in six of the studies, consisting of local pain, bleeding, headache, and intraoperative bradycardia. Adverse events in the comparator groups consisted of intra-operative bradycardia, local pain, nausea, dizziness, and bleeding (Table 3) . Of the six studies with side effects reported, three were rated excellent, two good, and one fair using the PEDro scoring system. Details are as follows:
• Usichenko (2006)-in both the ear acupuncture and the comparator (sham acupuncture) groups, intraoperative bradycardia during hip arthroplasty was noted.
• Usichenko (2007)-no adverse events in the ear acupuncture group. In the comparator group (sham acupuncture), one patient reported local pain at site of insertion. One patient noted nausea/dizziness, with symptoms resolving within 10 minutes after withdrawal of the needles. Both of these patients thought they had received true EA and stated they would repeat it for future complementary perioperative analgesia.
• Wigram (1986)-in the electro-ear acupuncture group, two patients requested that the needles be removed due to pain. A questionnaire was administered five to seven days postoperatively, where most of the patients recalled "mild discomfort" and no other side effects were noted. • Usichenko (2005 Pilot)-two patients from both the true EA and the sham EA groups required atropine due to bradycardia, but no patient-reported side effects from EA or pharmacological analgesia. Table 3 Continued The four studies in which no adverse events were noted did not have a system in place to record or report them, which was listed under "Methods."
Discussion
Ear Acupuncture Effectiveness and Study Quality
Of the 10 studies included in this systematic review, six showed that EA was superior to the comparator, of which five evaluated medication use as a primary outcome measure [14, 15, 17, 18, 20, 23] and one evaluated pain level [18] . Three studies showed no significant difference between EA and comparators, of which two evaluated medication use [16, 19] and one evaluated pain intensity [21] . One study that evaluated change in pain intensity had different results at two time points-a significantly larger decrease in pain in the EA group while in the ED and no significant difference at 24-hour follow-up [22] .
There are a few points that weaken our findings. One would expect an increase in medication use to be paired with a higher level of pain prior to the pain medication administration and a decrease in pain score after medication administration. Wigram's study recorded analgesia requirement as a primary outcome and recorded both maximum and mean pain scores. In the analysis of analgesic requirements, the study did show that EA was better than the comparator in the analysis of analgesic requirements, but not significantly so. In the analysis of pain scores, the EA group had more pain (more maximum pain, P ¼ 0.001; more mean pain, P ¼ 0.05). It is not clear whether or not the pain intensity scores, which were requested every eight hours, were recorded before or after analgesics were given, which could explain the fact that less medication was used but higher pain levels were recorded in the EA group. It is also not clear if the electro-acupuncture itself was contributing to pain scores. In addition, for our meta-analysis of medication use, four of the five studies were completed by the same author group (Usichenko), which somewhat weakens our findings due of the possibility of investigator bias.
There are also some points that strengthen our findings.
In the meta-analysis of primary outcome measures, the overall effect of EA was statistically significant in the "Analgesia Requirement" outcome group (P ¼ 0.003), as well as in the "Pain Intensity" outcome group (P ¼ 0.03). In this latter group, the pooled NRS difference was about one point. Although a two-point difference is generally accepted as clinically significant difference between a pain treatment and its comparator, any increase in difference would indicate that EA is at least as effective as controls, which themselves have been known to cause pain reduction [24, 25] . Allais (2011) and Goertz (2006) reported outcomes for multiple time points. The point with the lowest effect size was utilized for the meta-analysis. If the other data points had been utilized, EA would have been even more favored in the pain intensity meta-analysis.
The quality of the studies, assessed using the PEDro score, was generally good or excellent (Table 2) . However, many had a small sample size, and none of the studies, except for one, could claim blinded acupuncturists. To be clear, even for Usichenko's 2006 study, which is presented as a double-blind study, the present authors conservatively did not rate PEDro item Ear Acupuncture for Pain: Systematic Review 6 (blinding of all therapists who administered the therapy) as a 1 (meaning yes), as the study used experienced acupuncturists, who would likely be able to identify a helix EA treatment as sham. If the GRADE methodology [26] were applied to our findings, the two primary outcomes used would likely be designated critical (pain intensity) and important (analgesic medication usage). The information on side effects is too limited to be incorporated in a formal analysis, but it would seem that they are neither serious nor common.
The evidence for these two outcomes is based on a body of RCTs, the quality of which, because of lack of blinding, inverse relationship of the two outcomes, limited consistency of effect sizes, and predominance of a single investigator, should be designated low to moderate. (Except for the first point, these aspects of the quality of evidence as a whole are, by definition, not captured in the PEDro ratings.) Phrasing our conclusion in GRADE terminology: The true effect of EA is likely to be close to the estimate for both outcomes, but might deviate.
Adverse Events
The side effects of our current treatments for pain (e.g., acetaminophen, nonsteroidal anti-inflammatories [NSAIDS], steroids, opioids, and anesthetics) include liver failure, GI bleed, renal failure, cardiotoxicity, sedation, addiction, and respiratory depression. The side effects of EA seem mild in comparison. Six out of 10 RCTs recorded adverse events, consisting of local pain at the site of the acupuncture needle, dizziness, and nausea. The other four studies did not mention adverse events. Usichenko's 2005 pilot and 2006 study reported transitory circulatory complications. It should be noted that these studies' authors were hesitant to explain bradycardia as a possible result of ear needling, at least in the patients from the comparator group, as this group only got needled in the helix of the ear, which is not innervated by the vagus nerve [17] . The limited data available in our review do not suggest that EA results in more serious or more frequent adverse events than the various comparators. The adverse effects noted in the six RCTs have been well documented previously. A 2013 systematic literature review noted adverse events for EA, which include short-term local pain, skin irritation, minor bleeding, and dizziness [27] . There are also case reports that include the following adverse events: slight fever, dry mouth, upper limb numbness [28] , perichondritis [29] [30] [31] [32] [33] [34] [35] , and basal cell carcinoma [36] . To note, although EA manuals warn about abortion as a possible side effect, the current authors found no cases of abortion documented in the English-language literature. To the contrary, the NADA ("nada," Spanish for "nothing") protocol, an EA protocol for drug addiction, has been studied in an RCT to show that it can actually be safely used on pregnant women with chemical dependence [37] .
Despite only 60% of our studies reporting side effects, given the minimal side effects reported in these studies, and taking into consideration the EA side effect literature review, we conclude that the side effect profile of EA is at least as safe as, if not more safe than, allopathic medications and procedures for pain.
Comparators Used in Ear Acupuncture
The comparators used in acupuncture studies have been long debated. Five out of 10 of our studies used sham acupuncture as a comparator. Cutaneous needling anywhere in the body, irrespective of acupuncture points, has been found to result in diffuse noxious inhibitory control [24] . Traditional Chinese medicine practitioners will state that stimulating acupuncture points using ear seeds, TENS, or acupressure will have a positive effect on pain as the Chinese meridians are being activated.
Both EA and full-body acupuncture are often compared with no acupuncture and sham acupuncture. There have been numerous studies on the effectiveness of placebo analgesia. The expectation of being treated for pain [25] , physician characteristics, the color of a pill, even the packaging of a medication [38] can all affect pain. A recent meta-analyses of 25 neuroimaging studies on placebo analgesia and expectancy-based pain modulation revealed that placebo effects and expectations can stimulate regions of the brain that control pain pathways and also affect the regions of the brain that affect mood [25] .
Given the effectiveness of placebo analgesia, as well as the positive physiological effects of the needling of any body points for pain reduction [24, 25] , the present authors conclude that while EA cannot be stated to be clinically superior to comparators, if EA is at least as effective as the comparators used in the studies, which include sham acupuncture, pain medications, and distraction, EA may be considered for pain reduction.
Cost of Supplies and Ease of Administration
EA can be a low-cost modality compared with other pain interventions and medications. It is also easy to perform. For example, a feasibility study in the military showed that nonphysicians and nonacupuncturists can effortlessly learn the battlefield acupuncture protocol [39] , a five-point EA pain protocol for which the military has now created a short certification course for nonacupuncturist providers. The protocol can be easily administered in less than five minutes, with experienced providers doing this in less than one minute. Using stainless steel ASP needles, completing a five-point BFA ear protocol uses roughly $2.00 in supplies. State regulations determine whether or not a medical provider has to be licensed or certified to perform acupuncture (i.e., an acupuncturist may not need to be added to staff).
Conclusions
This systematic literature review and meta-analysis of RCTs shows that EA may be effective for immediate relief of pain. Taking into consideration that EA 1) is at least as effective as analgesic comparators, 2) has fewer side effects than current pain treatment regimens, and 3) is quick, affordable, and easy to perform, it can be concluded that EA may be a reasonable and promising modality for health care providers to consider using in the outpatient, intra-operative, and ED setting for pain reduction. Our recommendation would be made with more enthusiasm if further research were to show a greater, that is, a clinically significant, reduction in pain intensity.
